At the present time, ultrasonic motors have been developed for a variety of purposes such as linear motion drives and rotational drives. The elaboration of an ultrasonic motor is time-consuming, because it is developed adapting on its application. In this study, a new ultrasonic motor structure that combines a piezoelectric element and a metallic plate is elaborated. The driving principle of this motor is that the metal plate is bent to an inchworm shape and rotates the rotor when the piezoelectric element is stretched. The objective of this study is to verify the functioning of the new motor experimentally.
Introduction
Ultrasonic motors are actuators that primarily use piezoelectric elements to convert the electrical energy into a mechanical energy. The ultrasonic motor usually has a stator (a slider is used, when the object is under linear motion) that vibrates at an ultrasonic speed and uses friction between the stator and rotor. The first applied in practice ultrasonic motor is a rotational traveling-type ultrasonic motor made in Japan in 1986. Ultrasonic motors have the following features [1] [2] :  The ultrasonic motor can produce high torque at low speed, when it is compared with a normal electromagnetic DC motor, which has high efficiency but low torque at high speed.  The torque produced per unit weight is higher than that of the electromagnetic motor, because of the frictional driving.
 Since a large torque is obtained, there is no need of gears, and the direct drive is possible.  The position can be maintained due the friction force between the contact surfaces, when the electrical power source is not applied.
Because of these features, motors of various drive principles are developed. As examples such motors are traveling-type motors [3] [4], smooth impact drive mechanism (SIDM) type motors [5] [6] , and others [7] [8] . Thus various types of motors are developed. However, most of them are difficult to be downsized.
The purpose of this study is to design and fabricate an ultrasonic motor that combines a piezoelectric element with a metallic plate. The performance of the motor is verifies experimentally. The features of the new motor are as follows:  The structure of the ultrasonic motor is quite simple.
 The metallic plate can expand the small displacement of the piezoelectric element.
 The motor can be easily downsized because of the introduction of an expanded mechanism using the metallic plate. Figure 1 shows the driving principle of the ultrasonic motor. The structure of the stator includes a piezoelectric element and a metallic plate in series. If we input the driving signal into the piezoelectric element, the voltage causes the piezoelectric element stretching in horizontal direction. This extension pushes the the metallic plate, which causes bending of the metallic plate in vertical direction. By the ratio between the displacement of the horizontal direction and the displacement of the vertical direction, the extended displacement can be obtained. wave (a) means a slow stretch and rapid shortening when the rotor rotates in the anticlockwise direction. On the other hand, to cause the rotor to rotate in the clockwise direction, the wave (b) is applied. Figure 7 shows the experimental equipment for the rotational property. The stator is commented in Section 3. A rotor is used to verify the rotation characteristics of the sta- The maximum rotation speed by the anticlockwise direction is 17.8 rpm when the condition is 34.0 kHz driving frequency and 6 N preload.
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On the other hand, the maximum speed for the clockwise direction is 9.62 rpm when the condition is 18.0 kHz driving condition and 9 N preload.
Conclusion
In the study, a new ultrasonic motor structure that utilizes an inchworm-shaped deformation on a metallic plate is offered. The structure consists of a multilayer piezoelectric element and a metallic plate in series. The principle of the new motor is to use the metallic plate in order to enlarge the displacement of the piezoelectric element, and the deformation of the metallic plate can move the rotor (or slider). A rotation speed of the rotor is approximately determined around 10 -18 rpm, when the experiments for observing the rotary drive characteristics are realized. In the future work the performance of the motor will enhance by redesigning the stator.
